Introduction
Water treatment technology has been developed using ozone. Ozone is an effective oxidant for water treatment due to the high oxidation potential and the harmlessness to the environment. Recently, advanced oxidation technology is studied for effective utilization of O and OH radicals. The oxidation potentials of these radicals are higher than that of ozone, and they can decompose persistent organics, such as dioxin, which cannot be decomposed by ozone. The lifetimes of these radicals are very short, and that makes it hard to utilize these radicals. Up to now, OH radicals are generated in water though the reaction between ozone and UV light or ozone and hydrogen peroxide (H 2 O 2 ). For more effective generation of OH radicals, direct generation methods using plasma are widely researched. We have studied a DC driven micro hollow cathode discharge operated in water with fast flow of oxygen and demonstrated the decomposition persistent materials in water. In this report, a parallel generation of pulsed plasma inside bubbles is investigated by applying fast rising voltage to the multi electrode system in treat water for improving the decomposition efficiency of persistent materials.
Experimental Set-up
The apparatus is schematically described in Fig.1 . The electrode consisted of a dielectric plate (alumina) with a very small hole and a metal electrode (stainless steel). The thickness of the dielectric plate is 1 mm, and the diameter of the discharge hole was 0.2 mm. In the parallel discharge system, a dielectric plate with nine small holes (diameter: 0.2 mm) is used. Water above the electrode was grounded.
Oxygen (99.9%) gas or Argon (99.999%) gas was supplied through the narrow gap at the electrode and its flow rate was controlled by a mass flow controller. The H.V. pulsed source consists of a DC power supply, an energy storage capacitor of 4.2nF and a Transistor switch.
Acetic acid (CH 3 COOH) solution was used as a persistent organic. Total organic carbon (TOC) concentration was measured by TOC analyzer (Sievers 810) for detecting the decomposition of acetic acid. Initial TOC concentration was 10 ppm, and the volume of sample water was 10 mL.
Result
Decomposition rate and efficiency as a function of input power are fhown Fig.2 and Fig.3 . Both the decomposition rate and efficiency in nine parallel discharges are higher than those in single discharge for same input power. The maximum values of decomposition rate of 19.8 µg/min and efficiency of 0.35 g/kWh were obtained with the nine parallel discharge system. This efficiency is over 40 times larger compared with the single DC discharge system. Parallel operation of pulsed plasma generated inside bubbles is successfully demonstrated by applying fast rising voltage to a multi electrode system mounted in treat water. A 10 ppm acetic acid which is not decomposed by ozone is used as persistent materials in water and the decomposing efficiency of that material is evaluated by measuring TOC values in water. The electric conductivity of treat water affects the decomposing efficiency because the water resistor that is inversely proportional to the conductivity limits the plasma current flowing along the surface of bubbles that are generated by feeding oxygen gas. With nine parallel electrode system, the decomposing efficiency of acetic acid shows higher values than that with a single electrode system.
The emission of OH radicals generated in plasma was observed by spectroscopic measurements. 図 3 実験回路図 Fig. 3 . Circuit schematic.
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